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(57) ABSTRACT 

An X-ray computed tomography apparatus includes a ?rst 
X-ray tube con?gured to generate X-rays With Which a 
subject to be examined is irradiated, a ?rst X-ray detector 
con?gured to detect X-rays transmitted through the subject, 
a second X-ray tube Which generates X-rays With Which a 

treatment target of the subject is irradiated, a rotating 
(21) Appl' No: 10/262,896 mechanism Which rotates the ?rst X-ray tube, the ?rst X-ray 

(22) Filed Oct 3 2002 detector, and the second X-ray tube around the subject, a 
i l ’ reconstructing unit con?gured to reconstruct an image on the 

(30) Foreign Application Priority Data basis of data detected by the ?rst X-ray detector, and a 
support mechanism Which supports the second X-ray tube. 

Oct. 18, 2001 (JP) .................................... .. 2001-320927 The Central axis of X_rayS from the Second X_ray tube tilts 

Publication Classi?cation With respect to a body aXis of the subject. This makes it 
possible to reduce the dose on a portion other than a 

(51) Int. Cl.7 ..................................................... .. A61N 5/10 treatment target. 

High vgltage l genera mg g l 1 l 
l l unlt ‘3 5 5 21~ 5 

_ Central I 1' _i i l i control unlt l 
l Gantry ‘ l l i 
ll controller l l = 1 

X-ra l deleyctor + i i 22~ i 
l l I 26 : 
3 l i l _\.__ l 
l 123 l l Image l 
: l l processor l 
l X-ray l l l 
5 detector 5 l 23 r 
l l l i I l 

114~ Data acquision f : pleplocesslir ; system l 3 i 

I ________________________________________________________________________________________ u l lrna e 525 N dispiaylng unit 0 5 

Fleconstructin l24~ unit 9 0 l 



Patent Application Publication Apr. 24, 2003 Sheet 1 0f 7 US 2003/0076927 A1 

T01 
22 , 

Em 2a :22: um ‘I 25 

202% 5-x 

i as 2 m 

m i 9282282 Em N i v =5 9% 5 m i‘ ammmooami ii m a m m 
m mm H. m 

m i smmmooa 

.n i @225 m m 
m f m m 

m 22 a m M 

W .w m :2 

n 6:228 m 2:8 

0 PE: 62:8 m n 

m E28 m m e 

3 a 2 :5 

m m n 2 3.22mi 

“ m m %2_o> :91 

52% SE38 28 I; 
562% I 2 

525585 



Patent Application Publication Apr. 24, 2003 Sheet 2 0f 7 US 2003/0076927 A1 



Patent Application Publication Apr. 24, 2003 Sheet 3 0f 7 US 2003/0076927 A1 

120 ‘@(Z-shi? mechanism) 
\ 

121 
/ 

l 
I 

{~S_canning planepf 
I first data detecnon system 
I 
i 

L423 

F|G.3 



Patent Application Publication Apr. 24, 2003 Sheet 4 0f 7 US 2003/0076927 A1 

@ 
I Prescanning by first data detection system 110 (low dose) 1\~S1 

i 
[ Reconstructing image data ' 82 

l 
I Marking tumor region (extracting outline of tumor region) F53 

i 
Calculating position and size of tumor region based on .NS4 
extracted outlrne 

i 
Calculating gositions and widths of aperture of second 
collimator t 2 at rotatlon angles of second X-ray tube 121 ‘~85 
based on calculated posrtron and size of tumor region 

i 
Shifting second_X-ray_tube assembly 120 in Z-axis rotation “'56 
axrs) predetermrneddlstance, and setting aperture 0 second 
collimatorl22 on lnrtral position and initial wrdth 

i 
[ Starting treatment operation {»s7 

y 

Dynamically changing position and width aperture of second 
colllmator 122 In accordance with ‘change In rotation angle -\g8 
ot second X-ray tube assembly 120 

S10 
‘ l 

No Finishing treatment operation 

Planed tiqme pass 

End 
r 

Scanning the subject by first detection system (low dose) a 511 

r 

Reconstructing image data, and displaying image @2312 

V 

Marking tumor region (extracting outline of tumor region) 4N513 
r 

Pie-calculating position of tumor region ‘x814 
l 

Correcting positions and widths of 85 based on Fla-calculated 
position of tumor region “S15 F I 4 

l 



Patent Application Publication Apr. 24, 2003 Sheet 5 0f 7 US 2003/0076927 A1 

111 



Patent Application Publication Apr. 24, 2003 Sheet 6 0f 7 US 2003/0076927 A1 



Patent Application Publication Apr. 24, 2003 Sheet 7 0f 7 US 2003/0076927 A1 

@ 
| Prescanning by first data detection system 110 (low dose) {~81 

i 
| Reconstructing image data PS2 

r 

| Marking tumor region (extracting outline of tumor region) PS3 

Calculating position and size of tumor region based on “'54 
extracted outllne 

i 
Calculating positions and widths of aperture of second 
colllmator 1 2 at rotatlon angles of. second X-ray tube 121 a~S5 
based on calculated positron and we of tumor region 

i 
Shifting second X-ray tube assembly 120 in Z-axis rotation ‘x56 
axls) predetermined distance, and setting aperture 0 second 
coll|mator122 on Initial position and initial wldth 

i 
I Starting treatment operation 1;»57 

ll 

Dynamically changing position and width aperture _of second 
colllmator 122 in accordance wlth change in rotatlon angle '\_,S8 
of second X-ray tube assembly 120 

S9 

Planed time pass 310 
? V s 

No 516 Finishing treatment operation 
ls 

correction of tumor position tr 
necessary End 

Yes 
Scanning the subject by first detection system (low dose) -»S11 

i 
Reconstructing image data, and displaying image -»512 

i 
Marking tumor region (extracting outline of tumor region) -\,513 

i 
Fte-calculating position of tumor region ‘x814 

Correcting positions and widths of S5 based on Fla-calculated 
position of tumor region '“515 F I 9 

v F 



US 2003/0076927 A1 

X-RAY COMPUTED TOMOGRAPHY APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2001-320927, ?led Oct. 18, 2001, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a multi-tube type 
X-ray computed tomography apparatus. 

[0004] 2. Description of the Related Art 

[0005] Conventionally, X-ray computed tomography 
apparatuses Which generate image data from the data (pro 
jection data) of X-rays transmitted through a subject to be 
eXamined have been knoWn. Adoctor refers to the generated 
image to obtain medical information such as the position, 
siZe, and degree of morbidity of a treatment target, and plans 
a radiotherapy treatment operation based on the information. 
That is, the doctor sets an irradiation range, irradiation 
position, dose, and the like. One of the biggest purposes of 
the treatment plan is to exclusively irradiate the treatment 
target (tumor) With radiation. 

[0006] Conventionally, hoWever, tWo apparatuses are 
required Which include an X-ray computed tomography 
apparatus for obtaining information such as the position and 
siZe of a treatment target and a radiotherapy apparatus. This 
requires a large installation area and an enormous cost. 
Furthermore, the position, siZe, and the like of a treatment 
target are obtained by the X-ray computed tomography 
apparatus as a separate apparatus. The patient is then trans 
ported to the radiotherapy apparatus Which is generally 
installed in another room, and an irradiation position is set 
all over again. This leads to a deterioration in positioning 
precision. 

BRIEF SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to provide an 
X-ray computed tomography apparatus Which can improve 
the positioning precision in radiotherapy. 

[0008] According to the ?rst aspect of the present inven 
tion, there is provided an X-ray computed tomography 
apparatus comprising a ?rst X-ray tube con?gured to gen 
erate X-rays With Which a subject to be eXamined is irradi 
ated, a ?rst X-ray detector con?gured to detect X-rays 
transmitted through the subject, a second X-ray tube Which 
generates X-rays With Which a treatment target of the subject 
is irradiated, a rotating mechanism Which rotates the ?rst 
X-ray tube, the ?rst X-ray detector, and the second X-ray 
tube around the subject, a reconstructing unit con?gured to 
reconstruct an image on the basis of data detected by the ?rst 
X-ray detector, and a support mechanism con?gured to 
support the second X-ray tube such that a central aXis of 
X-rays from the second X-ray tube tilts With respect to a 
body aXis of the subject. 

[0009] According to the second aspect of the present 
invention, there is provided an X-ray computed tomography 
apparatus comprising a ?rst X-ray tube con?gured to gen 
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erate X-rays With Which a subject to be eXamined is irradi 
ated, a ?rst X-ray detector con?gured to detect X-rays 
transmitted through the subject, a second X-ray tube Which 
generates X-rays With Which a treatment target of the subject 
is irradiated, a second X-ray collimator having an aperture 
Which is used to focus X-rays from the second X-ray tube 
and Whose Width and position are variable, a rotating mecha 
nism Which rotates the ?rst X-ray tube, the ?rst X-ray 
detector, and the second X-ray tube around the subject, a 
reconstructing unit con?gured to repeat reconstruction of an 
image based on data detected by the X-ray detector along 
With rotation of the ?rst X-ray tube and the ?rst X-ray 
detector, an image processor con?gured to repeatedly eXtract 
a region of the treatment target from the image, and a 
controller con?gured to dynamically change the aperture of 
the collimator upon rotation of the second X-ray tube on the 
basis of the extracted region of the treatment target. 

[0010] According to the third aspect of the present inven 
tion, there is provided an X-ray computed tomography 
apparatus comprising a ?rst X-ray tube con?gured to gen 
erate X-rays With Which a subject to be eXamined is irradi 
ated, a ?rst X-ray detector con?gured to detect X-rays 
transmitted through the subject, a second X-ray tube con 
?gured to generate X-rays With Which the subject is irradi 
ated, and a high voltage generator con?gured to selectively 
supply poWer to the ?rst X-ray tube Within a ?rst range and 
selectively supply poWer to the second X-ray tube Within a 
second range Wider than the ?rst range. 

[0011] According to the fourth aspect of the present inven 
tion, there is provided an X-ray computed tomography 
apparatus comprising a ?rst X-ray tube con?gured to gen 
erate X-rays With Which a subject to be eXamined is irradi 
ated, a ?rst X-ray detector con?gured to detect X-rays 
transmitted through the subject, a second X-ray tube con 
?gured to generate X-rays With Which the subject is irradi 
ated, a ?rst X-ray collimator having an aperture Which is 
used to focus X-rays from the ?rst X-ray tube and has a 
Width that is variable Within a ?rst range, and a second X-ray 
collimator having an aperture Which is used to focus X-rays 
from the second X-ray tube and has a Width that is variable 
Within a second range Wider than the ?rst range. 

[0012] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0013] The accompanying draWings, Which are incorpo 
rated in and constituted a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0014] FIG. 1 is a block diagram shoWing the main part of 
an X-ray computed tomography apparatus according to an 
embodiment of the present invention; 

[0015] FIG. 2 is a block diagram shoWing the arrange 
ment of a high voltage generator in FIG. 1; 
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[0016] FIG. 3 is a vieW for explaining the function of a 
Z-shift mechanism in FIG. 1; 

[0017] FIG. 4 is a How chart showing the How of treat 
ment operation in this embodiment; 

[0018] FIG. 5 is a vieW shoWing the aperture Width and 
aperture position of the second X-ray collimator When the 
rotating gantry is at a reference position in this embodiment; 

[0019] FIG. 6 is a vieW shoWing the aperture Width and 
aperture position of the second X-ray collimator When the 
rotating gantry rotates through 90° from the reference posi 
tion; 

[0020] FIG. 7 is a vieW shoWing the aperture Width and 
aperture position of the second X-ray collimator When the 
rotating gantry rotates through 180° from the reference 
position; 

[0021] FIG. 8 is a vieW shoWing the aperture Width and 
aperture position of the second X-ray collimator When the 
rotating gantry rotates through 270° from the reference 
position; and 

[0022] FIG. 9 is a How chart shoWing the How of another 
treatment operation according to this embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] An X-ray computed tomography apparatus (X-ray 
CT apparatus) according to a preferred embodiment of the 
present invention Will be described beloW With reference to 
the vieWs of the accompanying draWing. Note that the 
scanning scheme of X-ray computed tomography appara 
tuses include various types, e.g., a rotate/rotate type in Which 
an X-ray tube and X-ray detector rotate together around a 
subject to be examined, and a stationary/rotate type in Which 
many detection elements are arrayed in the form of a ring, 
and only an X-ray tube rotates around a subject to be 
examined. The present invention can be applied to either 
type. In this case, the rotate/rotate type Will be exempli?ed. 
In order to reconstruct one-slice tomographic image data, 
360° projection data corresponding to one rotation around a 
subject to be examined is required, or (180°+fan angle) 
projection data is required in the half scan method. The 
present invention can be applied to either of these recon 
struction schemes. The former method Will be exempli?ed 
here. Note that projection data is de?ned as integral data 
associated With the passing distances of attenuation coef? 
cients (or absorption coefficients) of tissue or the line on an 
X-ray path. 

[0024] FIG. 1 shoWs the arrangement of the main part of 
the X-ray computed tomography apparatus according to this 
embodiment. The X-ray computed tomography apparatus 
according to this embodiment is comprised of a scan gantry 
1, a computer unit 2, and a bed (not shoWn). The scan gantry 
1 is a constituent element for acquiring projection data 
associated With a subject to be examined. This projection 
data is loaded into the computer unit 2 and subjected to 
processing such as image reconstruction. The subject is 
inserted into the imaging area of the scan gantry 1 While 
lying on the table top of the bed. 

[0025] The computer unit 2 is comprised of a central 
control unit 21, a preprocessor 23 connected to the central 
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control unit 21 via a data/control bus 22, a reconstructing 
unit 24, an image displaying unit 25, and an image processor 
26. 

[0026] The scan gantry 1 is of a multi-tube type, i.e., has 
a plurality of data detection systems, each including an 
X-ray tube and X-ray detector, mounted on an annular 
gantry. HoWever, a plurality of data detection systems may 
be respectively mounted on a plurality of rotating gantries. 
In this case, the scan gantry 1 Will be described as a tWo-tube 
type gantry. 

[0027] The ?rst data detection 11 has a ?rst X-ray tube 
assembly 110 and a ?rst multi-channel type X-ray detector 
113 Which opposes the ?rst X-ray tube assembly 110. A 
second data detection system 12 has a second X-ray tube 
assembly 120 and a second multi-channel type X-ray detec 
tor 123 Which opposes the second X-ray tube assembly 120. 
A central axis extending from the X-ray focal point of the 
second X-ray tube assembly 120 of the second data detec 
tion system 12 to the center of the second X-ray detector 123 
crosses the central axis of the ?rst data detection system 11 
at a rotation axis RA at a predetermined angle (assumed to 
be 90° herein) A ?rst X-ray detector 113 of the ?rst data 
detection system 11 rotates 90° ahead of the second X-ray 
tube assembly 120 of the second data detection system 12. 
The second X-ray tube assembly 120 of the second data 
detection system 12 folloWs the ?rst X-ray detector 113 of 
the ?rst data detection system 11 With a delay of 90°. 

[0028] The ?rst X-ray tube assembly 110 has a ?rst X-ray 
tube 111 and a ?rst X-ray collimator 112. The ?rst X-ray 
collimator 112 is mounted immediately in front of the X-ray 
radiation WindoW of the ?rst X-ray tube 111. The ?rst X-ray 
collimator 112 limits the divergence angle (fan angle) of 
X-rays emitted from the ?rst X-ray tube 111 in the X-ray 
channel direction. The ?rst X-ray collimator 112 has a 
plurality of movable shield plates and driving units Which 
separately move the plates. The aperture Width and aperture 
center position can be arbitrarily adjusted by controlling the 
position of each of the plurality of movable shield plates. 

[0029] The second X-ray tube assembly 120 has a second 
X-ray tube 121 and second X-ray collimator 122. The 
second X-ray collimator 122 limits the divergence angle (fan 
angle) of X-rays emitted from the second X-ray tube 121. 
The second X-ray collimator 122 has a plurality of movable 
shield plates and driving units Which separately move the 
plates. The aperture Width and aperture center position can 
be arbitrarily adjusted by controlling the position of each of 
the plurality of movable shield plates. 

[0030] The mechanical restrictions concerning the aper 
ture Width on the second X-ray collimator 122 are relaxed as 
compared With the ?rst X-ray collimator 112. The aperture 
loWer limit (minimum aperture Width) of the second X-ray 
collimator 122 is loWer than the that of the ?rst X-ray 
collimator 112. Note that the aperture upper limit (maximum 
aperture Width) of the second X-ray collimator 122 is almost 
equal to that of the ?rst X-ray collimator 112. With this 
arrangement, the second X-ray collimator 122 can increase 
the fan angle of X-rays to cover the entire area of a slice of 
the subject and decrease the fan angle to the degree to Which 
the irradiation of X-rays is limited to a relatively small 
treatment target (tumor) Within a slice of the subject. 

[0031] The second X-ray tube assembly 120 is supported 
by a Z-shift mechanism 15. As shoWn in FIG. 3, the Z-shift 
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mechanism 15 has a structure and electric driving unit Which 
are necessary to support the second X-ray tube assembly 120 
so as to move it in a direction parallel or almost parallel to 
the rotation axis RA (Z-axis) that almost coincides With the 
body axis of the subject. The Z-shift mechanism 15 moves 
the second X-ray tube assembly 120 under the control of a 
gantry controller 14. Typically, the Z position of the ?rst 
X-ray tube assembly 110 is so designed as to make the 
central axis of X-rays emitted from the ?rst X-ray tube 
assembly 110 in the form of a fan cross the rotation axis RA 
at a right angle. As a consequence, the X-rays emitted from 
the ?rst X-ray tube assembly 110 move Within a plane 
(scanning plane) crossing the rotation axis RA at a right 
angle upon rotation of the gantry. When the Z-shift mecha 
nism 15 does not shift the second X-ray tube assembly 120, 
the X-ray beam emitted from the second X-ray tube assem 
bly 120 moves Within the same scanning plane as that 
described above upon rotation of the gantry. When the 
Z-shift mechanism 15 shifts the second X-ray tube assembly 
120 by a distance AD, the central axis of the X-ray beam 
emitted from the second X-ray tube assembly 120 obliquely 
crosses the rotation axis RA, and hence the central axis of 
X-rays draWs a hourglass-like shape having a height AD 
With tWo cones coupled to each other at their vertexes as the 
gantry rotates. 

[0032] FIG. 2 shoWs an example of the arrangement of a 
tube voltage generating portion of a high voltage generating 
unit 13. The high voltage generating unit 13 is shared by the 
?rst X-ray tube 111 and second X-ray tube 121. HoWever, 
high voltage generating units may be respectively provided 
for the ?rst X-ray tube 111 and second X-ray tube 121. The 
high voltage generating unit 13 generate a tube voltage to be 
applied betWeen the anode and the cathode. The high voltage 
generating unit 13 also generates a ?lament heating current 
for heating the ?lament. The high voltage generating unit 13 
includes a plurality of poWer supplies 134-1, 134-2, . . . , 

134-N for boosting the commercial voltage. The poWer 
supplies 134-1, 134-2, . . . , 134-N have the same ?xed 

output capacity, e. g., 40 kV. HoWever, the plurality of poWer 
supplies 134-1, 134-2, . . . , 134-N need not have the same 

output performance. For example, the ?rst poWer supply 
134-1 Whose positive terminal is connected to anodes 135-1 
and 135-2 of the ?rst and second X-ray tubes 111 and 121 
may have a capacity of 100 kV, Whereas the remaining 
poWer supplies 134-2, 134-3, . . . , 134-N may have a 

capacity of 40 kV. 

[0033] The negative terminals of the poWer supplies 134 
1, 134-2, and 134-3 are selectively connected to a cathode 
136-1 of the ?rst X-ray tube 111 via a selector 131. When the 
negative terminal of the poWer supply 134-1 is connected to 
the cathode 136-1 of the ?rst X-ray tube 111 via the selector 
131, a voltage of 40 kV is applied betWeen the anode and 
cathode of the ?rst X-ray tube 111. When the negative 
terminal of the poWer supply 134-2 is connected to the 
cathode 136-1 of the ?rst X-ray tube 111 via the selector 131, 
a voltage of 80 kV is applied to the anode and cathode of the 
?rst X-ray tube 111. When the negative terminal of the 
poWer supply 134-3 is connected to the cathode 136-1 of the 
?rst X-ray tube 111 via the selector 131, a voltage of 120 kV 
is applied to the anode and cathode of the ?rst X-ray tube 
111. 

[0034] The negative terminals of the poWer supplies 134 
1, 134-2, . . . , 134-N are selectively connected to the cathode 
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136-2 of the second X-ray tube 121 via a selector 132. The 
voltage applied betWeen the anode and cathode of the 
second X-ray tube 121 can be changed in steps of 40 kV in 
the range from 40 kV to (40><N) kV. 

[0035] The high voltage generating unit 13 has a ?rst 
?lament heating current generator Which generates a ?la 
ment heating current to be supplied of the ?lament of the 
?rst X-ray tube 111, and a second ?lament heating current 
generator Which generates a ?lament heating current to be 
supplied of the ?lament of the second X-ray tube 121. Each 
of the ?rst and second ?lament heating current generators 
has a high-voltage-insulated transformer. A ?lament heating 
current can be changed stepWise in the range from, for 
example, several mA to several hundred mAby adjusting the 
primary voltage of the transformer. The output range of the 
second ?lament heating current generator is Wider than that 
of the ?rst ?lament heating current generator. For example, 
the ?rst ?lament heating current generator generates ?la 
ment heating currents in increments of 50 mA Within the 
range from 50 mA to 300 mA. The second ?lament heating 
current generator generates ?lament heating currents in 
increments of 50 mA Within the range from 50 mA to 600 
mA. 

[0036] As described above, the high voltage generating 
unit 13 has the ability of supplying poWer to the ?rst X-ray 
tube 111 Within a range suitable for data acquisition and also 
supplying poWer to the second X-ray tube 121 Within a Wide 
range covering data acquisition and treatment operation. 

[0037] The high voltage generating unit 13 applies tube 
voltages and ?lament heating currents for tube current 
control to the ?rst and second X-ray tubes 111 and 121 under 
the control of the gantry controller 14. The gantry controller 
14 controls the aperture Widths and aperture positions of the 
?rst and second X-ray collimators 112 and 122 and all 
operations associated With scanning, e.g., rotation of the 
rotating gantry and sliding of the table top, as Well as 
controlling the high voltage generating unit 13. 

[0038] Outputs from the ?rst and second X-ray detectors 
113 and 123 are supplied as projection data to the recon 
structing unit 24 via data acquisition systems 114 and 124, 
a slip ring that alloWs continuous rotation, and the prepro 
cessor 23. The tomographic data reconstructed by the recon 
structing unit 24 is displayed on the image displaying unit 
25. The tomographic data acquired by using the ?rst data 
detection system 11 is sent to the image processor 26 to be 
used for the extraction of an outline of a treatment target 

(tumor) region. 
[0039] As described above, When a higher tube voltage is 
applied to the second X-ray tube 121 to make a higher tube 
current ?oW, and an X-ray beam is further focused by the 
second X-ray collimator 122, both tomography by the ?rst 
data detection system and radiotherapy can be realiZed. This 
makes it possible to use the same X-ray computed tomog 
raphy apparatus for tomography, positioning at the time of 
radiotherapy, and actual radiotherapy. This eliminates the 
necessity to physically transport the patient and improves 
the positioning precision. 

[0040] In addition, since the multi-tube type is used, While 
radiotherapy is executed by the second data detection system 
12, scanning operation for imaging, i.e., irradiation of 
X-rays and detection of transmitted X-rays under data 
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acquisition X-ray conditions, is performed by the ?rst data 
detection system 11 to observe tomographic images in real 
time, and the irradiation position of therapeutic X-rays are 
sequentially corrected in accordance With the tomographic 
image as a tumor moves upon movement of the body and the 
like. 

[0041] FIG. 4 shoWs the How of treatment operation in 
this embodiment. First of all, preparations are made for 
treatment operation. The ?rst data detection system 11 
executes prescanning for a treatment plan as the ?rst task 
With a relatively loW dose (S1). Obviously, this prescanning 
operation may be done by using the second data detection 
system 12 or using both the ?rst and second data detection 
systems 11 and 12. 

[0042] Tomographic data is reconstructed by the recon 
structing unit 24 on the basis of the projection data in many 
directions Which are acquired by this prescanning (S2). This 
tomographic image is displayed on the image displaying unit 
25. The operator designates a treatment target (tumor) on the 
displayed tomographic image through an input device (not 
shoWn). The image processor 26 extracts an outline of the 
tumor region by using the point designated by the operator 
(marking the tumor in step S3). As an outline extracting 
method, one of the existing methods is arbitrarily selected. 
Typically, one of the folloWing methods is used: a region 
enlarging method of recogniZing a place exhibiting a spe 
ci?c CT value change as an outline While enlarging a search 
range outWard from the designated point; and an outline 
tracking method of designating a point on an outline and 
consecutively tracking points on the outline starting from the 
designated point as a start point. 

[0043] The image processor 26 or central control unit 21 
calculates the position (center position or baricentric posi 
tion) of the tumor region and its siZe on the basis of this 
extracted outline (S4). The image processor 26 or central 
control unit 21 further calculates changes in the aperture 
position and aperture Width of the second X-ray collimator 
122 With respect to a change in the rotation angle of the 
second X-ray tube 121 upon rotation of the rotating gantry 
on the basis of the position and siZe of the tumor region (S5). 
More speci?cally, a predetermined number of discrete points 
are set at predetermined intervals on the rotation path of the 
second X-ray tube 121 Which corresponds to the Z-shift 
amount set in treatment operation, and an aperture Width and 
aperture position are calculated at each discrete point such 
that irradiation of X-rays from the second X-ray tube 
assembly 120 is limited to a tumor or a tumor and minimum 
normal tissue around the tumor. Aperture Widths and aper 
ture positions corresponding to positions betWeen the dis 
crete points may be adjusted by interpolation or aperture 
control during treatment operation may be changed in a 
discrete point passing cycle. 

[0044] In the ?nal stage of preparatory operation, the 
aperture Width and aperture position of the second X-ray 
collimator 122 are set to the initial values, i.e., the aperture 
Width and aperture position calculated in step S5 Which 
correspond to a predetermined treatment start rotation angle, 
under the control of the gantry controller 14 (S6). In step S6, 
the second X-ray tube assembly 120 is shifted in the Z-axis 
direction by a predetermined distance. With this Z shift, as 
described above, therapeutic X-rays from the second X-ray 
tube assembly 120 move Within a hourglass-like shape 
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crossing the scanning plane draWn by data acquisition 
X-rays from the ?rst X-ray tube assembly 110 only at one 
point. Therefore, the X-ray dose on a region other than the 
tumor can be minimiZed. 

[0045] After the above preparatory operation is com 
pleted, actual treatment operation is started (S7). That is, a 
corresponding high voltage generator starts to supply poWer 
(a tube voltage and ?lament heating current) to the second 
X-ray tube 121 under therapeutic X-ray conditions. With this 
operation, X-rays are emitted from the second X-ray tube 
121 at a relatively high dose for treatment operation, and the 
tumor of the subjected is irradiated With X-rays narroWed 
into a beam through the narroW aperture of the second X-ray 
collimator 122. The X-rays may be continuously emitted or 
intermittently emitted in a pulse-like manner, i.e., in a very 
short cycle. 

[0046] As shoWn in FIGS. 5 to 8, the gantry controller 14 
then detects the rotation angle of the second X-ray tube 
assembly 120 (or second X-ray tube 121) through a position 
sensor such as a rotary encoder (not shoWn), and controls 
second X-ray detector 123 to set an aperture Width and 
aperture position corresponding to the rotation angle in 
accordance With the calculation result obtained in advance in 
step S5 (S8). 

[0047] If a predetermined treatment operation time (irra 
diation time) has elapsed since the start of the treatment 
operation, the treatment operation is terminated (S10). That 
is, in order to stop irradiation of therapeutic X-rays from the 
second X-ray tube 121 at a relatively high dose, the supply 
of poWer (a tube voltage and ?lament heating current) from 
the high voltage generator to the second X-ray tube 121 is 
stopped. If the predetermined treatment operation (irradia 
tion time) has not elapsed since the start of the treatment 
operation, the How advances to step S11. 

[0048] In step S11, the ?rst data detection system 11 scans 
a scanning plane. More speci?cally, the high voltage gen 
erator starts to supply poWer (a tube voltage and ?lament 
heating current) to the ?rst X-ray tube 111 under data 
acquisition X-ray conditions. As a consequence, X-rays are 
emitted from the ?rst X-ray tube 111 at a relatively loW dose 
for data acquisition. The subject is then irradiated With the 
X-rays at a Wide fan angle via the Wide aperture of the ?rst 
X-ray collimator 112, and transmitted X-rays are detected by 
the ?rst X-ray detector 113. In step S12, tomographic image 
data is reconstructed by the reconstructing unit 24 in real 
time on the basis of the detected projection data and dis 
played (CT ?uoroscopy). The image processor 26 extracts 
the outline of the tumor region on the basis of this tomo 
graphic image (S13). The image processor 26 or central 
control unit 21 re-calculates the position of the tumor region 
on the basis of this extracted outline (S14). 

[0049] On the basis of the re-calculated position of the 
tumor region, a change in the aperture position of the second 
X-ray collimator 122 With respect to a change in the rotation 
angle of the second X-ray tube 121 Which is calculated in 
advance is corrected on the basis of the re-calculated tumor 
region (S15). Although an aperture Width may be corrected 
together With this aperture position, it is preferable that only 
the aperture position be corrected, in consideration of real 
time effect in correction processing. 

[0050] The How then returns to step S8 to control the 
aperture Width and aperture position of the second X-ray 
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collimator 122 on the basis of this corrected “change in the 
aperture position of the second X-ray collimator 122 With 
respect to a change in the rotation angle of the second X-ray 
tube 121”. 

[0051] In this manner, tomography is performed and the 
aperture position of the second X-ray collimator 122 is 
controlled on the basis of the tumor region extracted from 
the tomographic image along With treatment operation. This 
makes it possible to sequentially correct the displacement of 
the therapeutic X-ray irradiation position With respect to the 
tumor due to the movement of the body of the patient or the 
like. 

[0052] Note that scanning by the ?rst data detection sys 
tem 11 in step S11 described above may be continuously 
repeated in a cycle of one rotation, and tomographic image 
may be repeatedly reconstructed at a frame rate correspond 
ing to one rotation on the basis of the projection data 
acquired by the reconstructing unit 24 for every rotation. 
Alternatively, so-called half scanning may be used to 
increase the frame rate by substantially shortening the 
scanning interval. In addition, in order to increase the frame 
rate by substantially shortening the scanning interval, for 
example, reconstruction processing of adding/subtracting 
neW/old projection data to/from the tomographic image data 
obtained one cycle ahead at, e.g., every 60° may be used. 

[0053] According to the above description, scanning is 
continuously performed by the ?rst data detection system 11 
in step S11. HoWever, as shoWn in FIG. 9, in step S16, for 
example, the movement of the body of the patient may be 
visually checked, and scanning may be executed only When 
the position of the tumor needs to be corrected and position 
correction is manually designated by the operator or may be 
intermittently executed at predetermined time intervals. This 
method is effective in reducing the dose for imaging even 
though the folloW-up performance With respect to variations 
in position slightly deteriorates. 

[0054] The above description has exempli?ed the tWo 
tube system. HoWever, the present invention can be applied 
to a three-tube system or a system With four or more tubes. 
If, for example, a three-tube system is to be used, data 
acquisition for tomography may be performed by the ?rst 
data detection system While treatment operation may be 
done by using the tWo tubes of the second and third data 
detection systems. Alternatively, data acquisition for tomog 
raphy may be performed by the ?rst and second data 
detection systems While treatment operation may be done by 
using the single tube of the third data detection system. 

[0055] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 

1. An X-ray computed tomography apparatus comprising: 

a ?rst X-ray tube con?gured to generate X-rays With 
Which a subject to be examined is irradiated; 
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a ?rst X-ray detector con?gured to detect X-rays trans 
mitted through the subject; 

a second X-ray tube Which generates X-rays With Which 
a treatment target of the subject is irradiated; 

a rotating mechanism Which rotates said ?rst X-ray tube, 
said ?rst X-ray detector, and said second X-ray tube 
around the subject; 

a reconstructing unit con?gured to reconstruct an image 
on the basis of data detected by said ?rst X-ray detec 
tor; and 

a support mechanism con?gured to support said second 
X-ray tube such that a central axis of X-rays from said 
second X-ray tube tilts With respect to a body axis of 
the subject. 

2. An apparatus according to claim 1, Wherein said 
support mechanism supports said second X-ray tube to alloW 
said second X-ray tube to freely move along the body axis 
of the subject. 

3. An apparatus according to claim 1, further comprising 
a ?rst X-ray collimator having an aperture Which is used to 
focus X-rays from said ?rst X-ray tube and has a Width that 
is variable Within a ?rst range, and a second X-ray collima 
tor Which is used to focus X-rays from said second X-ray 
tube and has a Width that is variable Within a second range 
Wider than the ?rst range. 

4. An apparatus according to claim 1, further comprising 
a high voltage generator con?gured to selectively supply 
poWer to said ?rst X-ray tube Within a ?rst range and 
selectively supply poWer to said second X-ray tube Within a 
second range Wider than the ?rst range. 

5. An apparatus according to claim 1, further comprising 
a second X-ray detector corresponding to said second X-ray 
tube. 

6. An X-ray computed tomography apparatus comprising: 

a ?rst X-ray tube con?gured to generate X-rays With 
Which a subject to be examined is irradiated; 

a ?rst X-ray detector con?gured to detect X-rays trans 
mitted through the subject; 

a second X-ray tube Which generates X-rays With Which 
a treatment target of the subject is irradiated; 

a second X-ray collimator having an aperture Which is 
used to focus X-rays from said second X-ray tube and 
Whose Width and position are variable; 

a rotating mechanism Which rotates said ?rst X-ray tube, 
said ?rst X-ray detector, and said second X-ray tube 
around the subject; 

a reconstructing unit con?gured to repeat reconstruction 
of an image based on data detected by said X-ray 
detector along With rotation of said ?rst X-ray tube and 
said ?rst X-ray detector; 

an image processor con?gured to repeatedly extract a 
region of the treatment target from the image; and 

a controller con?gured to dynamically change the aper 
ture of said collimator upon rotation of said second 
X-ray tube on the basis of the extracted region of the 
treatment target. 
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7. An apparatus according to claim 6, wherein said second 
X-ray tube is arranged With respect to said ?rst X-ray tube 
such that said ?rst X-ray tube rotates ahead of said second 
X-ray tube. 

8. An apparatus according to claim 6, Wherein said 
controller dynamically changes at least one of a center 
position and a Width of the aperture of said collimator. 

9. An apparatus according to claim 6, further comprising 
a ?rst X-ray collimator having an aperture Which is used to 
focus X-rays from said ?rst X-ray tube and has a Width that 
is variable, the aperture of said ?rst X-ray collimator having 
a variable range narroWer than a variable range of the 
aperture of said second X-ray collimator. 

10. An apparatus according to claim 9, Wherein the 
aperture of said ?rst X-ray collimator is set such that X-rays 
from said ?rst X-ray tube cover an entire slice of the subject, 
and the aperture of said second X-ray collimator is set to be 
smaller than the aperture of said ?rst X-ray collimator such 
that a treatment target of the subject is substantially eXclu 
sively irradiated With X-rays from said second X-ray tube. 

11. An apparatus according to claim 6, further comprising 
a second X-ray detector corresponding to said second X-ray 
tube. 

12. An X-ray computed tomography apparatus compris 
mg: 

a ?rst X-ray tube con?gured to generate X-rays With 
Which a subject to be examined is irradiated; 

a ?rst X-ray detector con?gured to detect X-rays trans 
mitted through the subject; 

a second X-ray tube con?gured to generate X-rays With 
Which the subject is irradiated; and 

a high voltage generator con?gured to supply poWer to 
said ?rst X-ray tube Within a ?rst range and supply 
poWer to said second X-ray tube Within a second range 
Wider than the ?rst range. 

13. An apparatus according to claim 12, Wherein 

said high voltage generator includes a plurality of poWer 
supplies, a ?rst selector Which selects one of connec 
tions betWeen said ?rst X-ray tube and said plurality of 
poWer supplies, and a second selector Which selects one 
of connections betWeen said second X-ray tube and 
said plurality of poWer supplies, and 

said apparatus further comprises a controller Which con 
trols said ?rst and second selectors to supply, to said 
second X-ray tube, poWer higher than that supplied to 
said ?rst X-ray tube. 
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14. An apparatus according to claim 12, further compris 
ing a ?rst X-ray collimator having an aperture Which is used 
to focus X-rays from said ?rst X-ray tube and has a Width 
that is variable, and a second X-ray collimator having an 
aperture Which is used to focus X-rays from said second 
X-ray tube and has a Width that is variable, the aperture of 
said second X-ray collimator having a variable range Wider 
than a variable range of the aperture of said ?rst X-ray 
collimator. 

15. An apparatus according to claim 14, Wherein the 
aperture of said ?rst X-ray collimator is set such that X-rays 
from said ?rst X-ray tube cover an entire slice of the subject, 
and the aperture of said second X-ray collimator is set to be 
smaller than the aperture of said ?rst X-ray collimator such 
that a treatment target of the subject is substantially eXclu 
sively irradiated With X-rays from said second X-ray tube. 

16. An apparatus according to claim 12, further compris 
ing a second X-ray detector corresponding to said second 
X-ray tube. 

17. An X-ray computed tomography apparatus compris 
ing: 

a ?rst X-ray tube con?gured to generate X-rays With 
Which a subject to be examined is irradiated; 

a ?rst X-ray detector con?gured to detect X-rays trans 
mitted through the subject; 

a second X-ray tube con?gured to generate X-rays With 
Which the subject is irradiated; 

a ?rst X-ray collimator having an aperture Which is used 
to focus X-rays from said ?rst X-ray tube and has a 
Width that is variable Within a ?rst range; and 

a second X-ray collimator having an aperture Which is 
used to focus X-rays from said second X-ray tube and 
has a Width that is variable Within a second range Wider 
than the ?rst range. 

18. An apparatus according to claim 17, Wherein a mini 
mum Width of the aperture of said second X-ray collimator 
is smaller than a minimum Width of the aperture of said ?rst 
X-ray collimator. 

19. An apparatus according to claim 17, Wherein a maXi 
mum Width of the aperture of said second X-ray collimator 
is substantially equal to a maXimum Width of the aperture of 
said ?rst X-ray collimator. 

20. An apparatus according to claim 17, further compris 
ing a second X-ray detector corresponding to said second 
X-ray tube. 


